This work aimed to evaluate the influence of the interval of additional fertilizers on growth, productivity and quality of the fruits of Physalis peruviana. Plants were subjected to the treatments: no supplementary foliar fertilizing; weekly interval of supplementary foliar fertilizing and biweekly interval of supplementary foliar fertilizing. Growth, productivity and quality after harvest were analyzed. Plants under weekly interval of supplementary foliar fertilizing presented a higher leaf area and harvest index, however, under biweekly interval, plants presented higher productivity and fruit quality.
Introduction
The search for economic food with a high nutritional value has driven development of research aimed at new plant species with potential for large-scale cultivation. In the past few years, physalis (Physalis peruviana L.) belonging to the family Solanaceae has been excelled in global terms, due to the functional properties of its fruits (Severo et al., 2010) .
The cultivation of this specie in Brazil is recent, being an alternative for the producers due to its high value of marketing. However, information of its behavior and growth against different intervals of foliar supplementary fertilizing, adoption of certain techniques of cultivation and mostly about the plant in a protected environment are scarce.
Evaluations of the attributes of growth through time are important to analyze the performance of the genotypes subjected to diverse environmental conditions. From these attributes, it is possible to obtain parameters of development, such as the leaf appearance rate and leaf expansion (Pivetta et al., 2007) . The integration between growth rate and the qualitative attributes of the fruit allows to interfere under the plant development (Streck et al., 2003; Xue et al., 2004; Stein et al., 2018) , and is related to the interception of solar radiation, photosynthesis and biomass formation (Streck et al., 2003; Zanette et al., 2016) .
Foliar fertilizing with micronutrients exerts an important role in the ground supplementary fertilizing, aiming in the adequate plant growth and development and may favor physalis genotypes. In cultivations with high economical value, such as tomato and red pepper, which belong to the Solanaceae family, the application of leaf fertilizers is practiced by producers, aiming to raise the yield and the quality of the fruits (Pereira & Mello, 2002) . Nutrients applied in the leaves can favor the translocation, assimilates partition, carbohydrates metabolism and physical-chemical characteristics, e.g., pH, antioxidant activity, color of pulp and modify the °Brix (M. I. F. Chitarra & A. B. Chitarra, 2005) .
The growth evaluation consists in an important tool to interpret the effect of the environment on the plant development (Pedó et al., 2016) . The association between different attributes related to the plant and the fruit, as well as the determination of the number of leaves, leaf area, plant height, harvest index, instant growth rates (Pedó et al., 2013) , average number and mass of the fruits, pH, total soluble solids, titratableacidity and antioxidant activity, allow the establishment of the effect of the treatment under the qualitative characteristics of the fruit, on a nutraceutica land commercial point of view (M. I. F. Chitarra & A. B. Chitarra, 2005) . The study of techniques and products able to alter the nutraceutical or functional characteristics of food, such as the antioxidant activity, are highly relevant in front of a niche market that demands high quality food and booming.
Against this background, this study aimed to evaluate the influence of complementary intervals of foliar fertilizing on growth, yield and quality of fruit of P.peruviana.
Material and Methods
The study was lead in aquons et style greenhouse, polyethylene coated and located in latitude 31°52′ S, longitude 52°21′ W and altitude 13 m. The region has a temperate climate with well distributed rains and a hot summer, which makes it type Cfa by the Köppen classification. Data of the highest temperature and solar radiation were obtained through a bulletin from Pelotas agrometeorological station, located 100 meters from the growing site (Figure 1 ).
The sowing of physalis (Physalis peruviana L.) was performed in extended polyethylene trays of 128 cells, containing commercial substrate (H.Decker ® ), irrigated by a floating pump system. Seedlings were transplanted at the stage of four leaves to beds with soil classified as Planosol with black polyethylene cover, in order to avoid possible leakage from foliar fertilizer to the soil and the development of weeds. The spacing used was of 0.25 × 0.80 m and the staking was performed with polyethylene ribbons with a local irrigation system put to maintain the soil humidity in the field capacity.
A chemical analysis of the soil was performed which's results were: pH (6.5), CTC ph7 (7.7 cmol c dm ). Based on the results of the chemical analysis, fertilizing of the soil according to there commendation for the cultivation of tomato (Solanaceae) and estimated production of 20 tha -1 (CQFS, 2004) was performed.
The following treatments were used: lack of additional leaf fertilizer; interval of weekly supplementary fertilizing (7 days) and biweekly (15 days , and the additional fertilizing was performed by a uniform application over the plants through backpack sprayer subjected to triple washing after each fertilizing.
For the growth evaluation, eleven successive harvests were done, with regular intervals of fourteen days after transplant (DAT), during the whole genotype cycle. On each harvest, plants were cut close to the ground and separated in organs (root, stem, leaves and fruits) and afterwards conditioned separately in brown paper envelopes and subjected to drying in an oven with forced ventilation at a temperature of 70±2 °C until constant mass for 72 hours. Evaluations were constituted in the count of number of leaves (N f ), leaf area (A f ), plant height (A) and harvest index (H i ) were adjusted through orthogonal polynomials and the discussion based on the curves tendency (Richards, 1969; Pedó et al., 2013a) .
The number of leaves per square meter was obtained by the total count of leaves of the plants and converted in number of leaves per square meter. The foliar area was determined with the use of a Licor area measurer model LI-3100 and the height of the aerial part was measured with a millimeter tape, computing the distance from the basal part of the rootto the apicalend of the larger leaf. The harvest index was determined through the division of the dry matter of the fruits by the total dry matter of the plant and the instantaneous rate of leaf formation (C NF ); of leaf expansion (C Af ); the rate of stem growth (R c ) and the rate of fruit production (C fr ) were obtained by the instantane ous derivative of the number of leaves; Leaf area; plant height, and fruit numbers asa function of time (Richards, 1969) .
Harvests were performed since 98 days after transplant and for the evaluations of post harvest quality, the fruits were separated by different color of the cup, in five stages of crop: 1 (green); 2 (yellowish-green); 3 (greenish-yellow); 4 (yellow); 5 (brownish-yellow) according to the specifications of Lima et al. (2009) .
The number of fruits per plant, the average fruit weight, transversal diameter and length were determined by using a digital caliper and total productivity expressed in tons per hectare (t ha -1 ). Harvested fruits were subjected to pH analysis through a pH meter brand Digimed MD20; total titratable acidity (ATT) was determined by titration with 0.1 NNaOH solution, with phenolphthaleinas indicator (AOAC, 1992); total soluble solids expressedin °Brix (SST) and evaluated by refractometerbr and AUS-JENA (AOAC, 1992) ; the TSS/T Aratio was obtained by dividing the total solubles olids by titra table acidity and antioxidant activity wither adingstaken at jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 1; 2019 563 30 minutes and after 24 hours, determined using the method of DPPH (2,2-diphenyl-1-picrylhydrazyl) according to adapted methodology by Brand-Williams et al. (1995) .
The experimental design was completely randomized and for grow the valuations were taken four plants per bed, from 14 days after transplantation until the end of the cycle of plants, totaling 11 sampleswith four replicates. For the analysis of the productivity, eight plants were used per application interval, while, for the pos-harvest quality analysis were used three repetitions of 20 fruits per maturation stage (coloring) of the cup. Data referring to growth were subjected to polynomial analysis of regression and those related to the productivity and quality were compared by the test of Duncan, to 5% probability.
Results and Discussion
From the results it can be seen that there has been the superiority of plants in the interval of supplementary bi-weekly fertilizing in relation to the weekly with out additional fertilizers in regard to the mass, number, diameter and fruit yield (Table1). The use and the installment of mineral supplementation of plants with micronutrients, especially molybdenum may favor the formation of nodules and the assimilation of atmospheric nitrogen, thereby increasing the productivity of crops (Albuquerque et al., 2012) . Regarding the interval of weekly supplementary fertilizing, the results for the number of fruits combined withloweroverallproductivityinrelationtoplantswithoutfoliarfertilizer, canbe indicative of toxicity (Table1). By studying the toxic effect of foliar excess of foliar boron, Foloni et al. (2010) , found a decrease in the accumulation of mass in the grains in H.annuus.
The number of leaves (N f ) per square meter was higher in the bi-weekly interval of supplementary fertilizing by the end of the crop cycle (140 DAT), followed by the plants with no foliar fertilizing and under the weekly supplementary fertilizing, presenting the same tendency (Figure 1c ). Low production of new leaves from 112 DAT on can be due to diminish of the temperature over the crop cycle ( Figure 1a ) and also to the lower direction of assimilates to the leaves in the period mentioned (Aumonde et al., 2011a) .
The higher number of leaves can reflect in a higher foliar area and favor a higher capture of radiant energy, provide a higher useful foliar area and photosynthesis ( Figure 1d ) and favor growth and development of the plants . According to Salazar et al. (2008) , the formation of new leaves under favorable conditions is an important growth attribute for the formation of new reproductive nodes, depending on the temperature. The plant height (A) was increased more intensely from 28 DAT on; therefore, it grew until the end of the cycle (Figure 1e ). This can be explained by the higher number of fixed carbon targeting by the photosynthesis to the root formation in the beginning of the development cycle (Aumonde et al., 2011a) . Plants without foliar supplementary fertilizing reached a superior height when compared to the other fertilizing intervals, which can be due to the stretching of the internodes and can reflect in a lower productivity of fruits in relation to the bi-weekly interval (Table 1) .
The formation of nodes in the main shaft is a central component in the production of new fruits in physalis. This fact, allied to the adequate leaf area, assumes relevance in the process of solar radiation interception (Figure 1b ) towards the production of assimilates for the structural maintenance, growth and development of plants (Salazar et al., 2008 ).
The harvest index (H i ) was low until 70 DAT. Plants with no supplementary foliar fertilizing presented a maximum harvest index at 140 DAT and on the other intervals of supplementary fertilizing, the maximum value was at 126 DAT ( Figure 1f ). It is possible to notice by the H i , that the foliar fertilizing provided anticipation and higher increment both, in total dry matter and fruits, when compared to the plants without foliar fertilizing. Besides that, the weekly supplementary fertilizing interval presented superior results of H i and A f , which doesn't correspond to the raise in the productivity in relation to the bi-weekly interval.
Results obtained for H i , can be related to a higher efficiency in the solar radiation interception, conversion of this radiation in chemical energy that was destined to the production and allocation of carbon in the plant organs (Aguair & Moura, 2003) .
The leaf formation rate (C Nf ), obtained by the variation of the number of leaves in relation to time, increased sharply until 77 DAT in plants under all the supplementary fertilizing intervals, declining after that time, until the end of the cycle and cultivation (Figure 1g ). C Nf was higher in plants subjected to weekly supplementary leaf fertilizing, indicating that this interval stimulated the formation of leaves comparatively to plants subjected to the other fertilizing intervals (Figure 1c ). The appearance of new leaves is important for the interception of light seeking the accumulation of dry matter and productivity (Xue et al., 2004) . Some species such as wheat, although coming from distinct physalis family, presented rate of leaf appearance affected by temperature, solar radiation, nutrient availability and water (Streck et al., 2003) . According to Pivetta et al. (2007) , the temperature is a factor that determines the leaves emission in tomato leaves, the same botanical family in physalis plant.
The foliar expansion rate (C Af ) was increased significantly until 70 DAT in three complementary fertilizing intervals, declining after this time until the end of the cultivation cycle (Figure 1h ). At the end of the cycle (140 DAT), C Af was higher in the bi-weekly interval (Figure 1h ). According to Pivetta et al. (2007) the foliar expansion along with the increase of the number of leaves is an important growth parameter to infer about the plant development (Streck et al., 2003; Xue et al., 2004) . C Af increased on plants subjected to bi-weekly supplementary fertilizing, which can result in a higher production of fruits and in the cultivation productivity of plants under this interval (Table 1 ). This is due to the fact that expansion of the foliar area is related to the interception of solar radiation and to a higher photosynthetic efficiency (Streck et al., 2003) .
Plants with no foliar fertilizing presented a lower initial stem growth rate (R c ) in comparison to the other fertilizing intervals. This fact can be related to the better use of nutrients provided by foliar supplementary fertilizing, resulting in a raise of the number of internodes and resulting in a lower number of fruits per plant in comparison to the other intervals (Table 1) .
Regarding the fruit formation rate (C fr ), it was increasing until 140 DAT for all the plants under the different foliar supplementary intervals (Figure 1j ). However, plants with no supplementary fertilizing reached a maximum C fr at 105 DAT with a further decrease until the end of the cultivation cycle, according to obtained by the derived number of fruits in relation to the time. The higher yield of plants subjected to foliar supplementary fertilizing maintains relation to the C Nf and C Af , since, according to Streck et al. (2003) are important for the absorption of light and for the photosynthesis.
Fruits from plants without foliar fertilizer presented higher TSS when compared to the fruits of the other fertilizing intervals, that were similar, according to what observed in stages 4 and 5 (Figure 2a ). Fruits from plants under the bi-weekly fertilizing interval reached higher SST in yellow coloring (Figure 2a) , along with the decrease of the acidity and pH, resulting in more balanced fruits in terms of flavor (sweetness and acidity). maturation of fruits (Lima et al., 2009) . When studying the behavior of physalis fruits subjected to the storage (Lanchero et al., 2007) , also verified the increase in ratio to SST/ATT, fact attributed to the increase of SST and decrease in ATT.
Antioxidant activity of the physalis fruits presented similar tendencies after 30 minutes and 24 hours (Figures 2e  and 2f ). There was an increased antioxidant activity in fruits from plants under the weekly supplementary fertilizing interval in comparison to the other fertilizing intervals and the maximum reached in color 5 (brownish-yellow). It is possible to show an effective effect of the weekly mineral supplementary fertilizing in the quality of the fruits of this specie with advanced stage of maturation, once the increase in the antioxidant activity constitutes an indicative of the higher capacity of degradation of the free radicals (Dimitrius, 2006) , relevant condition against the growing demand of functional foods (M. I. F. Chitarra & A. B. Chitarra, 2005) . Allied to this it is important to highlight that the results obtained can be related to the interaction genotype-environment, besides the maturation degree of the fruits (Frankel, 1993) . The results obtained are in line with those obtained by Ferreyra et al. (2007) for strawberry and by Severo et al. (2010) when studying the antioxidant activity of physalis fruis during maturation.
Conclusions
Physalis plants subjected to the weekly mineral supplementation presented higher foliar area. The bi-weekly fertilizing interval increased the number, average mass and total productivity of physalis fruits. Supplementary fertilizing applied on the leaves promoted a raise in the pH, SST and the antioxidant activity in physalis fruits. Foliar mineral supplement, as interval of application can be viable cultivation tract in growing physalis, by improving production and fruit quality characteristics.
